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ABSTRACT 
 
 
 
 Increasing demand for wireless services has recently led to a radio spectrum 
shortage. As the spectrum is a limited and scarce natural resource, it should be used 
as efficiently as possible. In this thesis, a spectrum sharing study is conducted 
between the Digital Broadcasting (DB) and International Mobile 
Telecommunication-Advanced (IMT-A) in the 470–862 MHz band. First, a spectrum 
sharing simulation model based on statistical methodology is proposed in order to 
identify the requirements for co-existence between IMT-A and DB systems. The 
results show that co-existence is possible for a limited number of adjacent channels 
and for a specific sharing scenario. Next, a spectrum sharing analytical model is 
developed based on the enhancement of a current coexistence model that has been 
widely used in spectrum sharing research. From this, it is seen that when the DB 
bandwidth is 8 MHz, a higher IMT-A bandwidth (20 MHz) can co-exist more 
feasibly with DB than a lower IMT-A (5 MHz) bandwidth. Moreover, in deploying 
these systems in urban areas, the required separation distances decrease. We then 
propose an analytical method for evaluating potential compatibility of cognitive 
radio (CR) systems. This method computes the allowed maximum in-band (PIB) and 
out-of-band (POOB) transmission power of a CR system based on a victim receiver 
interference criterion. The PIB and POOB achieved are 16.41 dB higher and 23.76 
dB lower, respectively, than those achieved in the traditional method. Finally, we 
propose a system called Wireless Link using the Global Communication Channel 
(WLGCC) that enhances spectrum sharing between DB and CR systems within the 
licensed 470–790 MHz band. The results show that WLGCC does not degrade 
existing DB service while reliably transmitting information on vacant frequency 
bands to the CR. 
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ABSTRAK 
Permintaan yang semakin meningkat bagi perkhidmatan wayarles baru-baru 
ini mengakibatkan spektrum radio tidak mencukupi. Oleh sebab spektrum adalah 
sumber yang terhad, penggunaannya yang efektif adalah perlu. Dalam tesis  ini, satu 
kajian berkenaan perkongsian spektrum antara sistem Penyiaran Digital (DB) dan 
sistem Lanjutan-Telekomunikasi Mobile Antarabangsa (IMT-A) telah dijalankan 
bagi julat frekuensi 470-862 MHz. Pertama, model simulasi perkongsian spektrum 
menggunakan metodologi statistik dicadangkan untuk mengenal pasti syarat-syarat 
bagi membolehkan kewujudan bersama sistem IMT-A dan sistem DB. Hasil kajian 
menunjukkan bahawa kewujudan bersama boleh dijalankan untuk bilangan saluran 
bersebelahan yang terhad dan senario perkongsian tertentu sahaja. Seterusnya, satu 
model analisis perkongsian spektrum dihasilkan daripada penambahbaikan kepada 
model sistem kewujudan bersama sedia ada yang digunakan secara meluas dalam 
penyelidikan perkongsian spektrum. Daripada analisis ini, dapat diperhatikan bahawa 
apabila jalur lebar sistem DB adalah 8 MHz, sistem IMT-A dengan jalur lebar lebih 
tinggi (20 MHz) adalah lebih sesuai untuk wujud bersama dengan sistem DB 
dibandingkan dengan sistem IMT-A yang mempunyai jalur lebar yang lebih rendah 
(5 MHz). Selain itu, untuk pengoperasian kedua-dua sistem ini di kawasan bandar, 
didapati jarak pemisahan yang diperlukan menjadi lebih pendek. Kajian ini 
kemudiannya mencadangkan satu kaedah analisis untuk menilai kesesuaian sistem 
radio kognitif (CR). Kaedah ini mengira kuasa penyiaran dalam jalur (PIB) dan di 
luar jalur (POOB) maksimum berdasarkan kriteria gangguan penerima mangsa. Nilai 
kuasa PIB adalah 16.41 dB lebih tinggi, dan 23.76 dB pula lebih rendah bagi POOB, 
jika dibandingkan dengan kaedah konvensional. Akhir sekali, kajian ini 
mencadangkan satu sistem yang dipanggil Laluan Wayerles menggunakan Saluran 
Komunikasi Global (WLGCC) yang mampu meningkatkan perkongsian spektrum 
antara sistem DB dan sistem CR bagi julat frekuensi berlesen 470-790 MHz. Hasil 
kajian menunjukkan WLGCC tidak mengganggu perkhidmatan sistem DB sedia ada 
malahan dapat menghantar maklumat dengan baik kepada sistem CR menggunakan 
saluran frekuensi yang tidak dipakai. 
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CHAPTER 1 
1. INTRODUCTION 
1.1 Introduction        
The use of wireless applications is growing daily. As the spectrum is a 
limited viable resource, with new systems needing to share licensed frequencies with 
existing services, spectrum sharing and compatibility studies have become emerging 
research topics. Results of such studies can help guarantee that, within a shared 
frequency band, new systems can operate without performance degradation while 
existing services are protected. Such outcomes are considered necessary in order to 
save costs by preventing expected harmful interference impacts between new and 
former systems. 
This thesis focuses on co-existence and spectrum sharing between the up-
and-coming mobile communications system known as the International Mobile 
Telecommunication-Advanced (IMT-A) and the Digital Broadcasting (DB) services 
within the 790–862 MHz sub-band of the congested ultra high frequency (UHF) 
band. By developing various co-existence and spectrum sharing models, this study 
aims to develop a co-existence requirement for these two services when sharing a 
portion of the spectrum. Additionally, the use of cognitive radio (CR) to enhance 
spectrum sharing between these two services is investigated. 
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The introduction of DB with high spectral efficiency has helped to trigger a 
phasing-out of analog broadcasting. By using advanced technologies such as coding 
and compression, DB can more efficiently use the UHF spectrum; while analog 
broadcasting requires 8 MHz of bandwidth per channel, DB can deliver up to 14 
channels over the same 8 MHz. This efficient use of spectrum has freed up a segment 
of the UHF band called the digital dividend (DD) band, resulting in a previously 
unthinkable availability of free spectrum within the UHF band. Since implementation 
of the Stockholm Plan in 1961, the lower UHF band (i.e., 470–862 MHz) had been 
reserved for analog broadcasting [1, 2]. However, at the latest Regional Radio 
Communication Conference in 2006 (RRC-06), all participating countries were given 
a mandate to migrate from analog to DB no later than 2015. This analog switch off 
(ASO) is extended to 2020 for countries that cannot meet the 2015 deadline, as well 
as to countries not present at RRC-06 [3]. 
The evolution of the mobile systems from voice-only to multimedia service 
has led to a corresponding increase in demand on the radio spectrum. The IMT-A is 
the next generation of mobile telephony standard [1] that aims to provide more 
multimedia service at higher quality; it will be available after the next World Radio 
Conference-2012 (WRC-012). The two main challenges in implementing IMT-A, 
which exemplify the demand created on the spectrum by such new technologies, are 
supporting a bandwidth of up to 100 MHz per channel and accommodating a high 
data rate. To cope with the introduction of both IMT-A and a new terrestrial 
broadcasting platform (i.e., DB), the World Radio Conference-2007 (WRC-07) 
passed two unanimous resolutions concerning the 790–862 MHz band: the first of 
these (224 of WRC-07) stated the intention of the administrations to protect the 
existing broadcasting system from the mobile system, while the second (794 of 
WRC-07) allocated the 470–806/862 MHz band to both mobile and broadcasting 
services as co-primary basis starting in 2015. Furthermore, the resolution (794 of 
WRC-07) requested that studies of sharing between the two services be conducted 
[4]. Based on this, a wide range of research has been conducted to investigate the 
preferred frequency channel assignment (FCA) of mobile services within the DD 
band. As of this time, two FCA proposals have been submitted to the International 
Telecommunications Union (ITU): the European Harmonized FCA, submitted by the 
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European Conference of Postal and Telecommunications Administrations (CEPT) in 
2008 for Region 1 (Europe and Africa) [5] and the Asia–Pacific Telecommunity 
(APT) FCA proposal for Region 3 (Asia and the Pacific), submitted in 2010 [6]. 
1.2 Research Motivation  
As the ITU has assigned the 470–862 MHz band to terrestrial DB and the 
IMT-A service will operate in the 791–862 MHz band [7], it is evident that these two 
services must share a spectrum, which might lead to performance degradation. As a 
result, studies of interference between the two services are required in order to ensure 
primary service protection (i.e., DB reception) and to maintain the quality of service 
of the newly introduced system (i.e., IMT-A). Such studies are needed to quantify 
possible compatibilities between the two services and to propose practical guidelines 
for efficient spectrum usage and reliable services. 
Until all of the ITU-participating countries switch to DB (which is expected 
to occur between 2012 and 2020 [3]) and the commercial deployment of IMT-A 
(expected in 2015 [8]), the topic of spectrum sharing will be an important and 
challenging one between the two services. All research opinions, recommendations, 
and results will be considered as input notes to the upcoming WRC-12 and WRC-15, 
demonstrating that studies designed to find the most efficient approaches for utilizing 
the shared radio spectrum still represents an open area of research. One of the 
challenges facing the ITU is that spectrum sharing studies are difficult to standardize 
globally, as each country has its own spectrum planning scheme. Thus, each country 
must conduct its own spectrum sharing studies. 
Although several studies of spectrum sharing between IMT-A and DB have 
already been conducted within the DD band and other bands, as shown in Appendix 
B, this study motivation for research is to further develop expected spectrum sharing 
scenarios as well as new spectrum sharing models. In addition, this study will 
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investigate enhancement of the existing model of spectrum sharing between the two 
systems.  
1.3 Problem Statement 
IMT-A and DB services will need to share the existing spectrum while 
operating in a compatible manner. Both co-channel and adjacent channel interference 
may occur between the two services, with co-channel interference certain to occur 
between two territories or countries. If, for example, country A completes the ASO 
phase and deploys mobile services in the 790–862 MHz sub-band, while neighboring 
country B is in a transition period of switching from analog to DB and still using the 
790–862 MHz sub-band for broadcasting services, then co-channel interference will 
occur in radio communication between the two countries. Likewise, adjacent channel 
interference may occur in one country between two services operating within the 
same geographical region. For instance, if a country has deployed mobile service in 
the 790–862 MHz sub-band where DB service is already operational in the 470–790 
MHz band, then these two systems will experience adjacent channel interference 
with each other even though they are separated in the frequency domain. Such 
interference is more challenging when both services are active and cover the same 
area (i.e., a co-cited situation). Thus, the development of analytical and simulation 
models is needed to assess possible interference between the two systems and to find 
their necessary compatibility requirements. Enhancement of spectrum sharing 
between two systems can be considered as a viable solution to interference. 
1.4  Research Objectives  
The objective of this study is to evaluate the performance of a primary service 
(i.e., DB) when a new service (i.e., IMT-A) is introduced into the 790–862 MHz sub-
band, and vice versa. This will be done by investigating expected sharing scenarios 
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when both services are deployed in the same geographical area (i.e., adjacent channel 
sharing scenarios) as well as when they share a frequency in two different 
geographical locations (i.e., co-channel channel sharing scenarios). The results of 
these assessments will set co-existence requirements for deploying both services. 
This result will also help fulfill the ITU-R study request concerning the sharing of 
these two services, demonstrating that spectrum sharing enhancement is required to 
maximize utilization of the spectrum.  
Based on the statement of the research problem, the objective of the study can 
be broken down as follows:  
 To investigate the interference impact of introducing the new mobile standard 
IMT-A in order to ensure protection of the DB service. The results of this will 
set co-existence requirements, including the required minimum separation 
distance and the width of the frequency guard band; 
 To carry out a performance measurement of the new service (IMT-A) as it is 
affected by the primary service in order to find the required separation 
distance and guard band; and 
 To investigate CR as a solution for enhancing spectrum sharing between 
IMT-A and DB within the DD band. 
1.5 Research Scope  
To carry out these research objectives, the scope of the study must include an 
identification of the system parameters of both services, as well as recommendations 
as to how each service should be deployed in different areas. Statistical methodology 
will be utilized to assess interference and evaluate performance. The IEEE 802.16m 
Worldwide Interoperability for Microwave Access (WiMAX) and Long Term 
Evolution-Advanced (LTE-A) systems will be used to represent the IMT-A service, 
while Digital Video Broadcasting-Terrestrial (DVB-T) will be used as a DB service. 
Various CR techniques will be investigated and applied in order to optimize 
spectrum sharing within the 790–862 MHz band. 
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The scope of the study covers the following: 
 Literature review of current research, technical reports, and recommendations 
that have been published regarding the co-existence of IMT-A and DVB-T; 
 Determination of the technical parameters of both mobile and DB services, 
along with their propagation models, interference criteria, and future 
frequency sharing scenarios; 
 Determination of co-existence methodologies in order to evaluate the 
interference effect. For this, both mathematical and simulation models are 
considered; 
 Development of an analysis tool to assess co-existence between DB and IMT-
A; 
 Investigation of CR spectrum sharing methods; 
 Development and modeling of a proposed novel method for enhancing 
spectrum sensing techniques in order to achieve optimal spectrum usage 
within the UHF band; and 
 Proposal of a system to enhance the spectrum sharing model of CR. 
1.6 Significance and Contribution of the Research Work  
The main significance of this research is that it assesses ways to maximize the 
utilization of the limited radio spectrum resource. Furthermore, as no IMT-A system 
will be deployed until 2015 [8], the findings of this research will be important to 
member countries of the ITU, as it will allow them to predict future scenarios and the 
consequences of deploying both services. The results of this study will provide 
recommendations for deployment of IMT-A and requirements for protection of the 
DB service. The study also introduces new co-existence models based on 
mathematical and simulation modeling. Finally, it introduces a new spectrum sensing 
sharing model and a proposed system to enhance spectrum sharing methods in the 
CR. Together, these contributions will be useful for the deployment of services 
within the same or adjacent geographical areas in such a manner that primary service 
is protected and higher spectrum utilization is achieved.  
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The contributions of this research are as follows: 
1. An analytical model to evaluate interference from IMT-A orthogonal 
frequency division multiplexing (OFDM) based on DB broadcasting-coded 
OFDM (COFDM) and using statistical methodology is developed (Chapter 
Four, Section 4.4);  
2. An analytical model to evaluate the interference between mobile and 
broadcasting services, and vice versa, based on the spectrum emission mask 
(SEM) of the interferer and the interference-to-noise (I/N) ratio of the victim 
receiver is developed using statistical methodology (Chapter Four, Section 
4.5); 
3. A simulation model based on statistical methodology is proposed to evaluate 
possible interference for DB victim receivers resulting from implementation 
of the ITU digital plan as well as for mobile service resulting from the 
European FCA (Chapter Four, Section 4.6); 
4. A CR spectrum sensing model to enhance spectrum sharing between IMT-A 
and DB within the DD band is developed (Chapter Five, Section 5.5); and 
5. A new system for enhancing spectrum sensing and geo-location database 
(GLD) sharing methods in CR is introduced (Chapter Six, Section 6.3). 
1.7 Organization of the Thesis  
In compliance with the theoretical and practical aspects of the study, this 
thesis consists of eight chapters, each providing a detailed discussion of the 
respective issues. 
 Chapter One provides an introduction and background to the research, in 
order to demonstrate the importance of the topic and shape the lines of 
argument in the research. Following this, the motivation for research, 
statement of the problem, objectives of the research, research scope, 
significance of the study, and, finally, the thesis outline are presented. 
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 The theory and the literature review are presented in Chapter Two, which 
provides the theory behind the relevant work as well as recommendations 
relating to DB and IMT-A systems, co-existence requirements, spectrum 
sharing methods, and related work. As co-existence between the new mobile 
service (IMT-A) and the new broadcasting platform DVB-T services is a 
currently popular topic for research, the literature review will proceed until 
the writing of the final draft of this thesis. The chapter also reviews the 
related studies in co-existence and spectrum sharing. 
 In Chapter Three, the methodologies used to achieve the results of this study 
are provided. These are divided into five parts: a literature review, 
development of an analytical model of a sharing technique to evaluate the co-
existence requirements between IMT and DB services, investigation of the 
CR as a spectrum sharing technique, enhancement of CR spectrum sharing 
methods, and proposal of a new system to enhance CR spectrum sharing 
methods. 
 Chapter Four provides a detailed description of co-existence between IMT-A 
and DB within the DD band. This chapter represents the core of the research 
conducted to formulate the current problem of interference between these two 
systems. Statistical methodology is used to understand the conditions for 
compatibility between the systems, and the results of this chapter will clarify 
and call attention to the consequences of interference impact between the two 
systems when they share the 790–862 MHz spectrum.  
 In Chapter Five, CR spectrum sharing techniques for enhancing the co-
existence between IMT-A and DB within the DD band are investigated. The 
chapter provides details of current spectrum sensing methodologies and 
introduces a model for enhancing CR system spectrum sensing methods. 
 In Chapter Six, a new system for enhancing the CR spectrum sharing model 
is proposed. Additionally, this chapter provides arguments and discussion 
pertaining to the new system. A justification of the utility of the new system 
and sharing scenarios to investigate its validity are provided.  
 Chapter Seven provides research results and discussion. An extensive 
analysis of co-existence and spectrum sharing methodologies is conducted. 
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 Finally, Chapter Eight is devoted to the overall conclusions of the research. 
This is followed by a discussion of future work needed to enhance co-
existence between DB and IMT-A system. 
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